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The invention relates ►„ 

by adding chondroitin sulfate to °° mpo,i “°'>a obtained 
in aqueous buffer solution sodium hyaluronate 

5 chondroitin sulfate in ' ° r SOdium h yaluronate to 

“ aqueous buffer solution. 


10 


15 


20 


25 


30 


invention relates to 

Protecting both human and anxmli t0 /""Positions fg r 
epithelial cells which * endothelial and 

trauma. More *■ exposure to 

compositions for protecting * h inVe «ti°n concerns 
cells in anticipation of surgicll *** epithelial 

"OS known 10"“^",”™"! C6lU *" 

~ 11 ° 

Recent advances in ophthalm^^' * UCh ** sur 9ery. 
the need to protect co SUr9ery hdVe increased 

nay be subject tT which 

surgery, of particular Iloni#i*****™ 0 * 40 " dUrin * such 
protect corneal endothelial ceUsT ^ ^ "*** t0 
lens (Iol) implantation, cornea! tra ! intraocu **r 
other intraocular suraical "^plantation and 

- — «•« bas beel^rnr" 5 - —— 
WiCh bOCh non "biological and 61 . 10 ,^ 1 “^^““’ 

protection of"o^ner 1103 ’'® retofor * e “Ployed jn the 
corneas i„ c i ude chondroitin ^ 
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•odiun hyaluronate. The uae of a chondroitin aulfate 

Pharmaceutical Company Lt-n « ^ * a * a 

c v-vmpany, Ltd., Tokyo, Japan. 1981 -a.- 

5 of sodium hyaluronate as an ain i w * U8e 

deacrlb.d' in . -healon" V OPhth,l, " ic »ur 9 .ry i. 

Labor...,,, product monogram, Pharmacia 

atori.a, Piacataway, New Jacs.y, 1 9 80. 

Solutiona containing chondroitin aulfate or aoai 

o dt\ u :r:.r: c h :::aa n r d ::: wl r -*•- 
rr r:: 

._j n ,. ,, , uments, etc., or inadequate corneal 

endothelial cell nrot.^iA. 

u protection, respectively. 

5 prepare a w Vl *“ ^ ^ ab ° Ve ' “ WOUld be ^vantageoua to 
and aodi * IC ° U ® co “P°* 1 “o" containing chondroitin aulfate 

tjz 'r u ~ of * ny oth " 

C eii s . ritate or damage corneal endothelial 

weiohr . vtscos ity la normally a function of molecular 
dia! * a ° lut ' concentration. it haa now been 

ly blmil: :' Ch ° ndr0itln ® ul£ «« — —hyaluronate 
to orld! * qUeOUS b “ £fer SOlutl °" I" apecified ratio, 

and offeri * C °" posielon h * vi "9 aurpriaingly high viacoaity 
and offering protection to corneal aurface cell, during 

other°int* r lebS iB,plan tation, corneal tranaplantation, and 
other intraocular aurgical operation., which ia auperlor to 
that obtained with either of the individual compon^ 
Additionally, the chondroitin aulfate/aodium 
hyaluronate compoaition, of the prea.nt invention can be 
a miniatered after trauma aa an aid in healing. 

Surprisingly, it haa been found that the chondroitin 
aulf.t./aodlu. hyaluronate compoaition, of the prea.nt 
invention exhibit enhanced .elution atabllity and improved 
Phyaical propertiea by compari.on with the individual 
component, of the compoaition. Theae compoaition. are 


< Tr*l* 


*1 * 
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during surgery I ” 1 aPPUcatlons a ® «U as for irrigation 

provided a ^thort^pcotect^Ith^ 3 ^ inVenti ° n ther ® i« 
5 layers and tissues subject to M aniaal C ®H 

comprises adni „ isterLn l _ th P ° SUre to trauma which 

of a viscous aqueous composi^orT* 0 *! 1 * effe ° tlve amou "t 
sulfate compound selected from h oa P rlsi ng a chondroitin 
chondroitin sulfate, 

10 aagnesium chondroitin sulf ate T * ul ' a t®, 

sulfate, and a hyaluronate ^le" ed^ ClUa Ch ° nd ^“" 
Potassium hyaluronate, magnesium hval hyalurona *® 

hyaluronate, to said cell lav. * luronat# and calcium 
exposure to said trauma said la ti8 * Ues prlor to said 
15 chondroitin sulfate 

bu «er, and exhibiting a viscosity I *" aqUe ° Ua 

individual viscosity of said 5 * * d8 th « 

hyaluronate. ° n ro ^tin sulfate and sodium 

According to another aspect of *-h. < 
there is provided a process of invention, 

composition comprisi ™T h l Ln * a **•«>«. Aqueous 

hyaluronate, u se( ul for . ° * uW * t « *"< * »«al 

cell layers and tissues subje^to hU " a " ,n<1 

comprises nixing the chondroin “P°*“re to trauma, which 

25 hyaluronate in agu.ous buffer sMutioT'-^ "' tal 
relevant proportions to cause a sionifi *" iPPr ° pcl “ e 
Viscosity of the mixture. ‘'leant increase in 

there is provided I viscous aSPeCt the Invention, 
chondroitin sulfate ~ 


20 
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Both chondroitin sulfate and sodium hyalu- 
ronate are glycosaminoglycans, commonly known as 
mucopolysaccharides. By mixing chondroitin sulfate 
and sodium hyaluronate in aqueous solution, it has 
been surprisingly found that the molecules appear to 
line up and attract each other by hydrogen bonding in 
the N-acetylamino group as shown below for a segment 
of molecular units. The hydrogen bonding interaction 
is only one of several possible interactions for ’ 
chondroitin sulfate and sodium hyaluronate. 


I 



Turley and Roth, Nature, 283, pp. 268-271 (1980), have 
experimentally demonstrated that chondroitin sulfate- 
derivatized beads and hyaluronate-derivatized beads 
are capable of binding interaction with each other 
5 and have postulated that the interaction occurs 
between the carbohydrate chains of the polymers. 

It has been surprisingly found that addition 
of chondroitin sulfate to sodium hyaluronate in aqueous 
10 solution or sodium hyaluronate to chondroitin sulfate 

in aqueous solution dramatically increases the viscosity 
of mixture. This increase in viscosity appears to be 
mainly due to increase in molecular weight rather than 
solute concentration increase. As those in the art are 
IS aware, viscosity of solute-solvent is a function of 
* molecular weight and concentration of solute. The 
hydrogen bonding interaction postulated above between 
chondroitin sulfate and sodium hyaluronate would result 
in effectively enlarging the molecular size. Thus, 

20 viscosity of the mixture would be increased. The follow¬ 
ing examples demonstrate the nonlinear or synergistic 
change in physical properties by mixing of chondroitin 
sulfate and sodium hyaluronate in aqueous solution, 
which characterize the present invention. In the follow- 
25 ing examples, chondroitin selfate is abbreviated CS, 
and sodium hyaluronate is abbreviated SH. 

Examples 

A chondroitin sulfate/sodium hyaluronate solu- 
30 tion was prepared by adding 5.3 grams of chondroitin 
sulfato to 4.2 grams of sodium hyaluronate in 100 ml 
of water containing 0.15 grams of monobasic sodium 
phosphate and 0.45 grams of dibasic sodium phosphate 




° £ sodi ““ florid,. The vlacoaitiea of 
th. dxture and individual aolutiona ar. ahown b . low . 


Solution A 

5.3 g CS/4.2 SB in loo ml water with buffer. 

£n£o.“ 25 ' c ■ 7i ' so ° cps “ -«««— 


10 


Solution B 


15 


4.2 g SH in 100 ml 
Viscosity at 25°c ■ 
2/sec. 


wa ter with buffer. 

58,700 CPS at shear rate less than 


20 


Solution C 

5.3 g CS in 100 ml water with buffer. 
Viscosity at 25*C » 10 CPS. 


25 


30 


^ negative reaction (i e , 

iac * of synergisti< 

change’ of ohondroitin auifate with methyl oelluloa. 

(MC) ia demonatrated by the following examnle. Two 
gram, of ohondroitin aulfat. ia added to 2'gram, of 
methyl cellulose in 100 ml of water. 


The viscosities of mixture and individual 
solutions are shown below. 



Solution r> 


5 


2 9 MC/2 g CS. ln 100 nl water> 

Viscosity at 25*C • 5 991 rDC 

than 50 sec. ' CPS at shear »t« i es s 


*CS is insoluble 

ova* 2 g MC. 


in solution containing 


10 


15 


2 9 MC in loo mi 
Viscosity at 25*c 
than 50 sec. 


Solution p 
water. 

■ 5,857 CPS at 


shear 


rate 


less 


20 


* 9 CS in 100 ml 
Viucosity at 25°c 


Solution 

water. 

■ 3.0 CPS. 


P 


25 


30 


35 


cellulose. the ° Ular •**“«“« of „ e th yl 

-t po„ ibiy ;j ~z:y b in T ondroicin — 

cellulose lacks c _° n * Wlth "* thyl cel lulose 
Hence, addition of chondroitin"^^^" 0,8 "° leCUles - 
cellulose solution result. , . ln TCth )' 1 

- —y m. — 

- Hue to concentration effect only * *" ViSCMit * 

sodiua hyaluronat. is *"* 

concentration. However th« « * place at any 
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10 


=:r 

decrease with increasing sh^rtl^l^ SUbStanCes 

of viscosity to shear rate is not li' *' relation 

ing table shows the vl « , * U r * The follow- 

shear rate « j“ , Pl °“= d *•*«.« hi,h 

c * 5 c for solution”A". 

shear rates 


20 


25 


15 


Absolute Viscosity, 
CPS at 25°c 


250 


500 

2500 

1,075 

307 


30 


181 

Most recent data indicate that CS/SH eo » • 

d ° not have a °* 

hya i uro„ate In «a t y e b. Pr u a , C .“ C a # t 0 = r ‘" Ven “ 0n “~ Uu “ 

up to 4b °“t 10 9 In 100 «i elteraTt 10 "" fl °“ ab ° Ut ° -1 9 

4 ’ C t0 ab ° ut Chondroitin * r °" about 

concentrationa fro. about n i 1 1,0 u,ed 4t 

water at te.per.ture. fro. abo^tT-c'"^'’^' ^ l °° " 1 

the tenses Ju ,t described “ about ”’ C - H1 thin 

sulfate can be added to fora bindl"^* °* Ch ° ndcoltin 

nyaluronate and produce physical and J" t * raetlon with 
suitable for specific 7 1 and flow properties 

*o<.in S 12.«, r,r ehai " ic «... 

hyaluronate in water th * * to 10 9 *odiu« 

of over i Billion centlp^Uarit *25*0°! r'^ h*" riscoalt y 
below 50 sec" 1 ). 25 C (for low sh ®«r rate 



10 


15 


-9- 
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The aqueous buffer «nin*.4 

tice of the invention include- °° U * 6d ln tha prac " 
phate, dibasic sodium phosphate” 0 " 0 ^** 16 *° dlu ® P h ®«- 
mixed to fora an aqueous buff ' 80dlu “ Chlorid « 

> about 7 to about 8 0 and t0 maintaln PH of 

—V, g . By rai^ of jo ° - 35 ° 

monobasic sodium phosoha* * concentration of 
the ionic strength of chondroltr^* 1 ' *° <U '“ pho,ph «.. 
eolation i, increased. Th . kin.ti * Ul '“ e/h >'*ioronat. 
molecule inter.otion between c k! 1 con,t *“‘ of 

hyeluronate i. incr,e. 8d by reiein,™'^ " d 

tlon. of dibeeio .odium ZlIT" CO " prl “ s ~ncentr«- 
Phosphate from 0.1 g/ioo^l t *T *" d BOnob ** ic 'odium 
7.0 to 8.0 et relotion t ^ “ d p « tenge 
40 * c - The following axe.-sDi””' 5 * CatUre3 b * tw *® n 4 *C end 

on th. vi.co.ity or molecular‘’w^ght'’*,'’" 6 '' °* b “"” 

oules for 5.3 , CS/4.3 , sa in J 


20 Buffer lj 


25 


Buffer 2: 


30 


Dibasic .odium pho,phate - 4 5 
Sodium dihydrogen pho.phat. hydrete- 

Viscosity of composition. oJ'LT^ 

pre,.„t invention at 1 second and 
25 c is 68,878 cps. 

Dibasic .odium pho.phat. - 7.5 «,/„i 
Sodium dihydrogen phcphat. hydrlt. - 

Vi.co.ity of composition, of'^^" 1 
present invention at 1 . ec ond and 
25 c is 115,011 cps. 


35 


ronat. *““«®^.lu- 

*l.o rh.op.ctic b.h.vior u^ ’‘"-l-tic but 

1***' vl.co.ity increase. 


( 



~:; L :zrr - At 

435 pascal, to 452 pascal. t ' n 3 *,"“'"' ‘ 

5 z::ir t„t u ace heucai stc ^ -::r couin 

:i“ r — ^= 1 -:^;. 

interaction -.^“‘plaini Vllrrilw taw"^ 10 "' TOi “ 
the mutual Interaction increases with ! H ° Wavar ' 

10 temperature due to kinetic r«I . 9 °' the 

of molecules to alien t-K „ "crease and better mobility 

bonding, when shear energyto !b° UP8 '°' hydC ° 9en 
kinetic energy of the ' h « 

15 “t m °'\'“‘ Uy all9 "« d « "dented for bonding * ’° CUl '“ 

~d.d-:^— 

w^i^t 1 :::::::!. 1 " t *" patatur *’ *• «* 

20 detail wither 9 '’ the lnV * ntl ° n haa b «" described in 

ind sodiu " 

-agnesium and calcium ch.ndr.itin '.If.t'JiST’'" 
potassium, magnesium and calcium hyaluronates. 

25 will b. “ “ Und9CSt00d th4t v «‘0“* «b«r modifications 
-.11 be apparent to and can readily be mad. by those 

" the art without departing from the scope and spin o 

this invention. Accordingly, it i. „ ot intended th« thl 

-cop. Of the claims appended hereto be limited to the 

30 be 8 ™”*;. 8 : 1 ^ h8 " ln ' *"* — bba ‘ --lai.. 

novelty which r.nr " P888 ‘ n9 “• featUr * a dt P—ntable 

features whl l " th * PC * Sane invention, including all 

n“« skiIIId :n i WOU i d b * tr “ ted “ thereof by 

Skilled i„ the art to which this invention pertainl. 
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comprising ‘ '' 1 * co “ * ,U °° U * ““Po-ftlon 

f ° r P~t.ct in9 both huiD(ln ; 7 “ hyaluronata, „.., ul 

subject to exposure to tra“a ‘wMch ^ lay * r * "* tlMua8 
chondroitin sulfate and ».<■ , ' K * COn,prl8 ° 8 «i*ing the 
solution, i„ .p P ‘o pr “t e *or' . y : 1Ur0n “ ,> ln »“«« 

significant Inc^.L . 

1 . amployad^ct ^concentrations"^ W, “ reln **” “*« ^.luronats 

100 -1 vatsr, and Z^UTj^L^ * ‘f ^ « • - 

concentrations fro. .^t 0.1 to ,^ 1 .. 

is sei e ct e d h froB°aodl U ffl^hyaluronate*' 0r0 ^ n **" n6tal hyaluron8 * 8 
calolu. hy.loron.ts and ^ZZ ^ZIZT 
chondroitin suif*f« nyaiuronate, and the 

potassiu* chondroitin sTfllV* 8 ° dlU " chond «*«* s,lfate. 

magnesium chondroitin sulfate! " c *>ndroitin sulfate and 

end a metal hy!ruronatr e ° US C ° mP ° 8ltlon of chondroitin sulfate 

at a concentratnriror^tTrrto 0 ^^ 0 Bet<l1 hyalUr ° nata ' 
water, and chondroitin sui^te ' 10 9 ^ 10 ° ffll 

0.1 g per 100 ml water. * * concentratlon from about 

A vl8COU8 aqueous composition of at i 

ZTrZtl S T t0d fr °“ SOdlU “ hya ~e, magnesium 

at least o M chordToitrn^uTfa'te 0 TsteTtTT^ a " d 

s^at'ar:" 88111 " Ch ° ndr0 — auifate, \alc^ ^ 
sulfate and magnesium chondroitin sulfate. 


// 


r '1 
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